Characterization of heme orientational disorder in myoglobin by proton nuclear Overhauser effects.
Freshly reconstituted sperm whale myoglobin is a mixture of two components distinguishable by proton nuclear magnetic resonance. The two species are interconvertible and the equilibrium composition is about 90% of one form, the form studied by X-ray methods. We have used the nuclear Overhauser effect to characterize the other (minor) component in its metcyano complex. Whereas in the major form there is dipolar contact between residue 99 and the heme pyrrole ring III, in the minor form the same residue is in contact with pyrrole IV, related to ring III by a 180 degrees rotation about the alpha-gamma meso axis. This interaction proves the validity of the heme rotational disorder proposition and confirms that the apoprotein does not discriminate between the two sides of the heme in the rapid insertion process. It is proposed that the differences in nuclear Overhauser effect between the protein matrix and the heme moiety can be used to define qualitatively the structural consequences of this heterogeneity. The altered heme-protein contacts could be related to the enhanced oxygen affinity in the minor form.